Influenza causes severe illness and deaths, and global surveillance systems use different clinical case definitions to identify patients for diagnostic testing. We used data collected during January 2007-July 2010 at hospital-based influenza surveillance sites in western Kenya to calculate sensitivity, specificity, positive predictive value, and negative predictive value for eight clinical sign/symptom combinations in hospitalized patients with acute respiratory illnesses, including severe acute respiratory illness (SARI) (persons aged 2-59 months : cough or difficulty breathing with an elevated respiratory rate or a danger sign ; persons aged o5 years : temperature o38 xC, difficulty breathing, and cough or sore throat) and influenza-like illness (ILI) (all ages : temperature o38 xC and cough or sore throat). Overall, 4800 persons aged o2 months were tested for influenza; 416 (9 %) had laboratory-confirmed influenza infections. The symptom combination of cough with fever (subjective or measured o38 xC) had high sensitivity [87 . 0%, 95 % confidence interval (CI) 83 . 3-88 . 9], and ILI had high specificity (70 . 0 %, 95% CI 68 . 6-71 . 3). The case definition combining cough and any fever is a simple, sensitive case definition for influenza in hospitalized persons of all age groups, whereas the ILI case definition is the most specific. The SARI case definition did not maximize sensitivity or specificity.
INTRODUCTION
Seasonal influenza virus infections cause 1-2 million cases of severe illness and approximately 28 000-111 500 deaths worldwide annually in children aged <5 years [1] . Although influenza epidemiology is well-established in temperate, high-or moderateincome countries, it is less well-characterized in tropic, low-income countries, where the burden of seasonal and pandemic influenza might be greatest [2] . Because of pandemic preparedness measures prompted by concern regarding avian influenza (H5N1), diagnostic capacity for influenza viruses has increased substantially in Africa and other low-income countries during recent years, allowing for improved surveillance.
Surveillance objectives vary ; some influenza surveillance systems focus on estimating disease burden, and thus aim to maximize sensitivity. In other surveillance systems with more limited resources, the aim is to monitor influenza activity and collect influenza virus isolates without concern for identifying all influenza cases ; in this context, a more specific clinical definition allows testing of patients most likely to have positive tests.
A proposed strategy to enhance and standardize influenza surveillance worldwide uses a severe acute respiratory illness (SARI) case definition for inpatients and the World Health Organization's (WHO) influenza-like illness (ILI) case definition for outpatients as a feasible way to monitor influenza activity in resource-limited settings [3] . The SARI case definition has been adopted by the Pan American Health Organization and the WHO European Region [4, 5] and is comprised of the case definitions for pneumonia and severe pneumonia described in the WHO Integrated Management for Childhood Illness (IMCI) guidelines for children aged 2-59 months [6] and a slightly modified WHO ILI case definition for persons aged o5 years, both with an additional hospitalization requirement ; however, neither of these case definitions have been fully evaluated for influenza surveillance in resource-limited settings.
There were four objectives of this study : (1) to evaluate the SARI and ILI case definitions as influenza surveillance tools in patients hospitalized with acute respiratory illnesses (ARI) ; (2) to identify a maximally sensitive combination of signs and symptoms in patients hospitalized with ARI; (3) to identify a maximally specific combination of signs and symptoms in patients hospitalized with ARI; and (4) to determine if testing for influenza viruses for up to 14 days after symptom onset is worthwhile.
MATERIALS AND METHODS

Surveillance sites and population
We used data from hospital-based surveillance sites located in Bondo and Siaya districts in rural western Kenya (Nyanza Province), bordering Lake Victoria. All inpatient facilities in Bondo District conducted surveillance for influenza as part of a populationbased study of hospitalized influenza-associated respiratory illness, and nearby Siaya District Hospital has been part of the national sentinel surveillance system for influenza. In 1999, Bondo and Siaya districts had populations of 238 780 and 480 184 persons, respectively [7] . The population is primarily lowincome and subsists on agriculture [8] . Malaria is holoendemic and human immunodeficiency virus (HIV) prevalence is 14 . 9% [9] . 
Surveillance design
Case definitions
An ARI was defined as onset of at least one of the following symptoms during the previous 14 days : cough, difficulty breathing, sore throat, or chest pain. The eight sign/symptom combinations evaluated were : (1) a recently proposed SARI case definition [3] ; (2) the WHO's recommended case definition for ILI [10] (Table 1) ; (3) cough ; (4) cough and measured fever o38 xC ; (5) cough and any fever (reported or measured o38 xC) ; (6) cough or difficulty breathing ; (7) cough or difficulty breathing and measured fever o38 xC ; and (8) cough or difficulty breathing and any fever. All measured temperatures were axillary, and, when relevant, oxygen saturation levels were measured using fingertip pulse oximetry (Nonin Medical, USA).
Specimen collection and laboratory testing
All patients hospitalized for an ARI were eligible for influenza testing and had both nasopharyngeal (NP) and oropharyngeal (OP) specimens collected for influenza testing on the day of admission or the Monday following admission, if still hospitalized, when admission occurred on Saturday or Sunday. These testing eligibility criteria were broader than all of the cases definitions evaluated. NP and OP specimens were collected by trained nurses. The specimens were put into the same tube and transported (at 2-8 xC) the same day to the laboratory. Each specimen was divided into four aliquots and stored at x70 xC f8 h after collection. Specimens that could not be transported the same day were immediately stored in liquid nitrogen tanks at x70 xC and divided into aliquots at the time of testing. Real-time reverse-transcriptasepolymerase chain reaction (RT-PCR) for influenza A(H3N2), seasonal A(H1N1), and B viruses was performed at the Kenya Medical Research Institute/ Centers for Disease Control and Prevention laboratory in Nairobi throughout the study period. Testing for pandemic A(H1N1) (pH1N1) began in May 2009. Cycle threshold (C T ) values were used to determine sample positivity. Specimens giving C T values f39 . 9 were considered positive for influenza virus, whereas those with C T values >39 . 9 or demonstrating no reading were considered negative [11] .
Data analysis
Comparisons between patients tested and untested for influenza among those eligible were made using x 2 tests for categorical variables and Student's t tests for continuous variables. Measures of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and 95 % confidence intervals (95 % CI) were calculated for the SARI and ILI case definitions and six other sign/symptom combinations against laboratory-confirmed influenza infection. x 2 tests were performed to compare sensitivities and specificities. The SARI and ILI case definitions were analysed as met or unmet, and the other sign/ symptom combinations were analysed as present or absent. Data were analysed throughout the entire surveillance period (January 2007-June 2010) and were also restricted to months when o10 % of specimens tested positive for influenza viruses. Additionally, to determine if differences existed in the sensitivity, specificity, PPV, and NPV of the case definitions during periods when only seasonal influenza was circulating, compared to periods when pH1N1 was circulating, the surveillance period was divided into two periods : (1) pre-pandemic, which consisted of the period before isolation of the first pH1N1 virus in Kenya (January 2007-June 2009), and (2) pandemic, which consisted of the months after # Elevated respiratory rate is defined as >50 breaths/minute for children aged 2-11 months and >40 breaths/minute for children aged 12-59 months [7] . . We also calculated the sensitivity, specificity, PPV, and NPV of the case definitions and sign/symptom combinations stratified by malaria smear status (positive or negative) to assess the impact malaria might have on our estimates.
Cumulative sensitivity of each case definition was also calculated for different symptom durations (days 1-14 after symptom onset). Symptom duration was defined as the number of days from the earliest onset of cough, fever, or diarrhoea to specimen collection. All analyses were performed by using SAS version 9.2 (SAS Institute Inc., USA). 
Ethical considerations
RESULTS
A total of 7857 persons aged o2 months were hospitalized with an ARI characterized by cough, difficulty breathing, sore throat, or chest pain at the eight surveillance sites during the study period ; 4800 (61 %) had influenza laboratory results available, and 416 (9 %) had laboratory-confirmed influenza infections. Of the 3057 patients without laboratory results available, 211 (7 %) refused testing ; 61 (2 %) had indeterminate results ; 16 (1 %) had missing results ; and 2769 (90 %) did not have specimens collected. Patients admitted on Saturday and Sunday, days when swabs were not collected, comprised 606 (21 %) of those untested, compared to 18% of those tested (P<0 . 01).
No additional information indicative of why these patients were untested was available for the remainder of patients, who were only captured by the clinical component of the surveillance system. Two-thirds of those tested for influenza were aged 2-59 months, and approximately equal numbers of males and females were included. About one-third of the influenza specimens were collected at Siaya District Hospital (Table 2 ). Age and sex distributions were similar between those tested and untested for influenza (Table 3) . Three percent of persons tested for influenza died from their illness, compared to 5 % of those who were untested (P<0 . 01). Of those tested for influenza who had oxygen saturation level data available (n=4222), 11% had oxygen saturation levels <90%, compared to 6 % of those untested (n=2583) (P<0 . 01).
Sensitivity was >80 % overall and in both age groups for 4/8 case definitions and sign/symptom combinations investigated (Table 4) . Cough or difficulty breathing had the highest sensitivity overall for laboratory-confirmed influenza infection (99 . 8%), followed by cough alone (94 . 7 %), cough or difficulty breathing and any fever (subjective or measured o38 xC) (91 . 3%), and cough and any fever (87 . 0%) (P<0 . 01 for all comparisons except between cough alone and cough or difficulty breathing and any fever, P=0 . 06). While the SARI case definition had 71 . 1% sensitivity for laboratory-confirmed influenza infection in children aged 2-59 months, it was only 13 . 2% in hospitalized persons aged o5 years. PPV was low for all sign/symptom combinations evaluated over all ages, ranging from 6 . 6 % for SARI to 9 . 0% for cough alone, and cough and any fever. ILI, cough and measured fever o38 xC, and cough or difficulty breathing and measured fever o38 xC had the lowest sensitivities, 26 . 9%, 26 . 7%, and 28 . 6 %, respectively (P>0 . 05 for all comparisons) ; however, they also had the highest specificities for laboratory-confirmed influenza infection, 70 . 0%, 70 . 4%, and 68 . 1 %, respectively (P>0 . 05 for all comparisons). The SARI case definition also had a high specificity in the o5 years age group (85 . 5 %) but not in children aged 2-59 months (21 . 4 %). Specificity and PPV for laboratory-confirmed influenza were approximately 5-10 % lower in malaria smear-positive patients compared to malaria smear-negative patients for the case definitions and sign/symptom combinations that included subjective or measured fever.
When the analysis period was restricted to months when o10 % of specimens were positive for influenza, the sensitivity and specificity patterns were similar and improvement in PPV was limited. The sensitivity of the SARI case definition during the pandemic period was significantly higher than during the prepandemic period in children aged 2-59 months and for all ages combined (P<0 . 01); however, no other significant differences between the two periods were identified (Table 5) . PPV was higher during the pandemic period for SARI, ILI, and the other sign/symptom combinations assessed, probably as a consequence of higher influenza prevalence during this period.
Sensitivity of the case definitions and of the sign/ symptom combinations for laboratory-confirmed influenza infection increased sharply from days 1 to 7 after symptom onset ; 90 % of all influenza tests were performed during this period. Trends in sensitivity persisted during days 8-14 after symptom onset, but were less pronounced. Overall, sensitivity of the SARI case definition increased from 3% on day 1 to 39 % by day 7 after symptom onset and to 43 % by day 14 after symptom onset (Fig. 1 a) . Sensitivity of the symptom combination of cough and any fever increased from 3 % on day 1 to 78 % by day 7 after symptom onset and to 87 % by day 14 after symptom onset (Fig. 1b) . Although the relative gains in sensitivity decreased for days 8-14 after symptom onset, the percentage of specimens testing positive for influenza infections was similar during both periods (days 1-7 after symptom onset : 8 . 7%, n=4285; days 8-14 after symptom onset : 8 . 4%, n=515 ; P=0 . 79). (91) 225 (9) 181 (7) 42 (2) 2 (0) Unknown 1 (0) 1 (100) 1 (100) 1 (100) 0 (0) 0 (0)
Surveillance site Abidha Health Centre 419 (9) 393 (94) 26 (6) 20 (5) 4 (1) 2 (0) Bondo District Hospital 726 (15) 681 (94) 45 (6) 40 (5) 5 (1) 0 (0) Got Agulu Health Centre 441 (9) 361 (82) 80 (18) 64 (15) 15 (3) 1 (0) Lwak Mission Hospital 826 (17) 757 (92) 69 (8) 54 (6) 14 (2) 1 (0) Madiany Sub-District Hospital 380 (8) 332 (87) 48 (13) 41 (11) 7 (2) 0 (0) Matangwe Community Health Centre 200 (4) 186 (93) 14 (7) 13 (7) 1 (0) 0 (0) Siaya District Hospital 1672 (35) 1550 (93) 122 (7) 95 (6) 27 (1) 0 (0) Nyangoma Mission Hospital 136 (3) 124 (91) 12 (9) 12 (9) 0 (0) 0 (0) Total 4800 (100) 4384 (91) 416 (9) 339 (7) 73 (2) 4 (0) Conversely, the specificity of the case definitions and the sign/symptom combinations decreased most rapidly during days 1-7 after symptom onset. The rate of decline in specificity decreased substantially during days 8-14 after symptom onset relative to days 1-7 after symptom onset ( Fig. 1 c, d ).
DISCUSSION
Our analysis indicates that multiple sign/symptom combinations involving cough, difficulty breathing, and any fever (subjective or measured fever o38 xC) maximized sensitivity in both children aged 2-59 months and persons aged o5 years. In contrast, the ILI case definition and the sign/symptom combination of cough and measured fever o38 xC maximized specificity in both age groups. The goals of the surveillance system will ultimately determine the relative importance of sensitivity vs. specificity. If the goal of the surveillance system is to identify all hospitalized cases of influenza in order to estimate the total burden of influenza in hospitalized patients with respiratory illnesses or in a specific population, then a highly sensitive case definition is preferable. However, if the goal of the surveillance system is to maximize the yield of influenza isolates in hospitalized patients with respiratory illnesses in a resource-limited setting in order to monitor influenza activity at a minimal level, a highly specific group of signs and symptoms is preferable. The combination of cough and any fever is highly sensitive and requires less testing of samples, and thus costs less, since fewer people meet this case definition relative to the other three sign/symptom combinations that had slightly higher sensitivity (cough alone, cough or difficulty breathing, and cough or difficulty breathing and any fever). In addition, the combination of cough and any fever was more sensitive for laboratory-confirmed influenza than both SARI and ILI in both the 2-59 months and o5 years age groups. Of the children aged 2-59 months, the SARI case definition requires the presence of an IMCI danger sign or elevated respiratory rate in addition to cough or difficulty breathing; however, the original intent of the IMCI case definition was pneumonia diagnosis and case management, not influenza surveillance [6] . While the use of a well-recognized case definition seems like a logical first step for influenza surveillance, our results indicate that it is not the best case definition to use for this purpose. In persons aged o5 years, neither the SARI case definition nor the ILI case definition performed well with respect to sensitivity.
As a well-recognized case definition for influenza surveillance, ILI might be the ideal choice for influenza surveillance in hospitalized patients with ARI for maximizing specificity ; however, the inclusion of sore throat has little impact since no significant difference was found between the specificities of ILI, and cough and measured fever o38 xC. The specificity of the SARI case definition in children aged 2-59 months was poor relative to ILI; however, SARI had the highest specificity in persons aged o5 years. Using the same case definition across all age groups allows for the comparison of rates across age groups. None of the case definitions or sign/symptom combinations evaluated had high PPVs ; thus, their utility for healthcare providers for clinical case management is limited.
Evaluations of the SARI case definition for laboratory-confirmed influenza infections have been conducted recently in Guatemala and Egypt [12, 13] . The overall sensitivity of the SARI case definition in rural Kenya (42 %) falls between the reported sensitivities in Guatemala (64 %) and Egypt (30 %). Similar to what was found in rural Kenya, the Guatemala study found that the SARI case definition had a higher sensitivity and lower specificity in children aged <5 years compared to persons aged o5 years. Studies evaluating the ILI case definition have found a wide range of sensitivities (43-73 %) and specificities (43-87 %) ; however, differences in study designs, inclusion criteria, and study populations between these studies and ours make direct comparison difficult [14] [15] [16] [17] . Cough alone has routinely been found to have relatively high sensitivity (69-98 %), as it was in our study, but given that cough is a nonspecific symptom with respect to respiratory illness, this is not surprising [14, [16] [17] [18] [19] [20] . Our analysis of sensitivity by symptom duration demonstrated that the largest gains in sensitivity are achieved during days 1-7 after symptom onset, with only limited gains during days 8-14. However, we also determined that the percentage of specimens testing positive for influenza was consistent between the two periods and that only 10 % of all persons meeting our testing criteria who were tested had symptom duration of 8-14 days. Therefore, testing for influenza throughout the 14-day period after symptom onset can provide additional sensitivity to the surveillance system without a loss in the proportion of influenza positivity or substantial increases in testing. However, these gains in sensitivity are relatively minor.
Our analysis had certain limitations. A substantial percentage of inpatients meeting the influenza testing criteria were not tested for influenza. Although we did not identify differences in demographic characteristics between those tested and untested, we did find limited but statistically significant differences in the percentage of deaths and the percentage of patients with oxygen saturation levels <90 % in the tested and untested groups. However, because the absolute differences were f7 % for all comparisons and our sample size was large, giving us the power to detect minor differences, our estimates probably would not have changed substantially had everyone been tested. This study was conducted within a relatively homogeneous, hospitalized population in rural western Kenya, an area with a high rate of malaria and a high prevalence of HIV ; thus, the results might not be generalizable to outpatients, urban areas, other hospitals where admitting practices vary, or regions with a lower burden of malaria and HIV [21] . We were unable to assess differences in sensitivity, specificity, PPV, and NPV between HIV-positive and HIVnegative individuals because this information was not available in the surveillance system. Finally, RT-PCR was the only influenza testing mechanism used in our surveillance system, and axillary temperatures were used in every healthcare facility. Sensitivities could vary in surveillance systems or studies where other tests (e.g. culture and serology) and other temperature sites are used.
In conclusion, if the surveillance goals are to determine disease burden and thus maximize sensitivity, the combination of cough and any fever (subjective or measured fever o38 xC) can provide a simple, sensitive case definition for surveillance for hospitalized laboratory-confirmed influenza for all age groups. However, using a maximally sensitive case definition would require large resources because of the large number of specimens collected and tested ; however, developing a sampling scheme for specimen testing could alleviate some of the resource burden while still providing a representative and highly sensitive case definition. In resource-limited settings where a priority might be to ensure identification of a minimum number of positive specimens, the ILI case definition is well-recognized and maximizes specificity for all age groups. Surveillance systems that have mixed objectives could choose a case definition that provides more of a balance between sensitivity and specificity. Given funding availability, continuing testing for influenza up to day 14 after symptom onset can provide additional gains in sensitivity without a reduction in specimen positivity. 
